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Abstract 
The unstable slope is one of the main problems which cause instability of the mining industry facilities, especially when a slope 
has a belt conveyor built on it. This problem generally will affect the mine operation. The unstable slope in the surrounding of the 
belt conveyor route is related with mining production. Therefore, the integrated   investigation must be conduct to obtain 
subsurface information and to analyze the slope stability along the belt conveyor route.  
The purpose of this research is to analyze subsurface information by using an integrated investigation which consists of electrical 
resistivity tomography, self potential, cone penetration test, test pit, and geological engineering mapping. All of those 
investigations are used to produce a representative subsurface model.  
 
Keywords: 
1. Introduction 
Productivity is the main focus in mining industry. Excellent productivity will bring more profits, customer 
satisfactions, and great business development for industry. There are lots of factors which influencing overall 
productivity value, one of them is productivity of delivering material from mine field to process plant. Disruption of 
the delivery of this material, will affect overall mine activity, which cause the disturbance of mine production. 
There are some methods to deliver material from mine field to process plant; belt conveyor system is one of 
them. Mining industries in Indonesia are mainly located at the remote area. Land clearing, and geomorphological 
changing will cause instability of mining facilities such as belt conveyor. 
An integrated site investigation which consist of geophysical survey, geological engineering mapping, in-site and 
laboratory based soil testing, has been conducted to obtain subsurface condition and information. The information 
about geological properties and geological structure, groundwater condition, sliding characteristic, measurement on 
belt conveyor steel bar and foundation, are needed to be gathered properly in order to make accurate site 
investigation to provide great technical advice. 
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2. Methodology 
Subsurface conditions of a slope can be investigated by various methods. In general, the methods can be divided 
into two, direct method and indirect method. This research combines these two types of methods in order to get 
better result technically and economically. The direct method consists of cone penetration test (CPT) and test pit, 
and the indirect method consists of geophysical survey and geological engineering mapping. The correlation and the 
overlay data of these methods will give a better a description of subsurface condition which can be analyzed further 
to provide technical answer about land stability. 
Geophysical survey is one of method to obtain subsurface condition which has been widely used in the site 
investigation. Geophysical survey conducted to get information about physical properties of rocks beneath the soil 
surface which can be interpreted to support geotechnical analysis. The electrical resistivity survey is one of 
geophysical method which works by using the electrical resistivity value to determine subsurface material and 
condition. This method carried out by injecting some current electrodes in to the ground and then measuring the 
potential difference on the potential electrodes. Data processing is then performed to get the material resistivity. Self 
potential is one method that can be used for site investigation. It works by using two electrodes to detect 
spontaneous potential or self potential between two electrodes. The result of this method is a potential differences 
and current flow which may detect groundwater occurrence and flow. 
Geological engineering mapping carried out in order to get geological and any engineering data that can support 
site investigation analysis. Geological data which consist of rock quality, structure, spring, tension crack, old 
subsidence, land slide indication and any support data like the movement of belt conveyor structure must be 
collected properly. The data that collected from field observation would use to analyze the occurrence and causes of 
land instability. 
CPT and test pits conducted to determine soil condition and stratigraphy. CPT has superb advantages of 
providing better, economical, detailed and precise data. On the contrary, this method also has its limitations cause of 
not obtaining any sample or visual inspection and limited depth capability. Test pit performed to find out the 
thickness of overburden material and the geological/soil stratigraphy. Test pit designing must be correlated with the 
line of geophysical measurements, so the data that obtained can be overlaid with other investigations to support the 
information of the subsurface condition interpretation. 
3. Geology 
The study was conducted at the area that has high frequency of rainfall. Morphology at the north part of research 
area is plain area, which have low elevation, while the south part of research area is hilly terrain which has higher 
elevation. Based on Van Bemmelen (1970), Islands of Java, Indonesia, formed in the Cretaceous Period, which is a 
product of convergent plate movement (toward each other) between the southeast parts of Eurasian Plate with the 
Pacific Plate. Arc depression leaves no trace at this area, except the morphology which indicates the presence of 
depression (Suyono, 1984 in Gorsel, 2011).  Research area consist some small folds that form large fold 
(anticlinorium), which consists of tertiary marine sedimentary rocks with minor intrusions (hypabyssal) in some 
places. The morphology around the research area is dominated by hills which are consisted of sand, clay and shale 
lithology. Morphology of the largest hill at the study site is elongated to the northwest - southeast and west-east.  
There are andesitic blocks which found at the top of the hill and diminishing towards to the foot of the hill. The 
soil around the hill is the result of weathering of volcanic deposits, which are consisted of andesitic tuffs and breccia 
with andesitic contains phenocrysts with pyroxene and basalt lava. Meanwhile, the rock around the conveyor belt 
route is dominated by sandstone, clay stone, carbonaceous shale, and intercalation of carbonaceous sandstone.  
The geological structure at the research area is very complex. In general, the lithology bedding direction is 
Southwest to Northeast with the dip of 10o-29o. There is a major fault structures found with southwest – Northeast 
direction and some other minor structures which are consisted of reverse fault structure and normal faults which 
close to each other. 
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4. Discussions 
The site investigation was carried out to know the slope stability around the belt conveyor line. These works were 
conducted to obtain the both surfaxe and subsurface geotechnical data and site condition. Site investigation 
consisted of electrical resistivity tomography, self-potential measurement, soil profile in-situ and laboratory test, 
water quality test, and geological engineering mapping. 
4.1. Electrical Resistivity Tomography (ERT) 
Geophysical survey will be very useful and can provide lots of information if applied in appropriate condition. 
Each geophysical method will provide specific information about the specific geological condition. Therefore, the 
method used must be matched with the purpose of investigation (Reynold, 1997). 
The Electrical resistivity values vary between different geological materials, dependent mainly on variations in 
water contents and dissolved ion in the water. Resistivity investigations can thus be used to identify zones with 
different electrical properties, which can then be different geological strata (Dahlin, 1993). 
The plant clearance must be carried out in order to get better electrode positioning and avoid measurement errors 
due to the presence of plants (for the self-potential method). Electrode positioning was done by using theodolite, to 
obtain accurate and precision measurements (Fig.1). 
 
 
 
Fig.1 Site Investigation Activity 
 
Measurements were made putting electrode at points that have been marked, and then wiring the electrode that 
has been putted in to the ground. Next step is, the installation of multi-channel and cable, and connect devices with 
multi-channel measurement. 
Measurements were performed with certain amount of current which has been known and determined and then 
the resistivity devices will calculate the value of the voltage. Once voltage value is obtained, it will be used as value 
to determine the resistance of rocks. 
The next stage is the stage of interpretation, which we tried to correlate the model we get, with the types of rocks 
and local geological conditions. Interpretation will be done by considering the resistivity value of rocks from 
literature and also based on previous investigations data. The interpretation will be overlaid with another 
measurement results from other methods in order to increase the information available. 
4.2. Self Potential Measurement 
Self-potential method was first proposed by Robert Fox in 1830. Lately, self-potential method has been 
developed for various applications and research in environmental and geotechnical problems (Reynolds, 1997). Self 
potential which occurs below the soil surface generally caused by electrochemical or mechanical activity which 
mostly controlled by groundwater condition. (Telford, 1990). 
In general, there are three ways of conducting electricity through rocks: by electrolytic, electronic and dielectric 
conduction. Electronic conduction occurs when there are free ions in the soil that serves as a medium of conduction 
of electrical current. Dielectric conduction occurs in rocks that have a weak conduction (insulator). Electrolytic 
conduction occurs in porous rocks, and the rock pores are filled by ioneous electrolytes (Reynolds, 1997). 
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Fluid flow that moves in the soil through the pores and fissures of rock will generate electro kinetic potential or 
called streaming potential (SP) (Corwin and Hoover, 1979, in the Kim et al., 2004). The process of self-potential can 
be explained by the movement of ions in different phases in the subsurface. This process explained in electrical 
double layer (EDL) model (Fagerlund and Heinson 2003). 
Self-potential measurements performed with the same line with the line of ERT. The electrode configuration 
which used in SP measurement is a moving electrode configuration, the electrodes moves from one point to another 
with same spacing. 
Based on the results of the field measurements we could know which one is the wet zone, and the dry zone. The 
wet zone mostly is a fracture zone which filled by the groundwater and then dry zone is a zone without any 
groundwater condition. 
4.3. Soil Profile Test 
In general, soil test profile can be divided into two groups, in-situ soil profile test and non-in-situ profile test 
(laboratory). Soil profile test conducted to obtain soil condition, soil bearing capacity, and other parameters which 
affect slope stability analysis 
Soil profile in-situ tests carried out by using cone penetration test (CPT). Cone Penetration Test (CPT) is an in-
situ test method to determine engineering properties of soil. It also illustrates the vertical profiles of physical-
mechanical strength of soil. In this research, the equipment we used is a CPT instrument with 2 tons capacity. 
CPT was performed by pushing a cone instrument into the soil surface with controlled penetration rate (generally 
2 cm/sec). CPT cone is the most important part on CPT instrument (Fig.2), it has 10 cm2 cross-sectional areas, and 
with 60 ° peak angle and it cover has 100 cm2 areas (Das, 1985). 
 
 
Fig.2 CPT Cone Scheme 
 
The purpose of this test is to determine the value of cone penetration resistance (cone resistance, qc) and local 
friction, vertically in the ground. Cone penetration resistance is the resistance of soil against the conical tip which 
expressed in force per unit area. Local friction is the soil shear resistance in force per unit area. CPT performs until 
the cone penetration resistance obtained > 200 kg/cm2 (Brown, 2012). 
Field measurements would generate cone resistance value and also the total friction resistance. Both data were 
processed to obtain the local friction resistance in order to know soil type and condition on research location. 
Laboratory soil profile test (non in-situ) conducted by sampling in some points which have been already 
determined. Samples that have been taken from research area will be tested on laboratory to obtain soil physical-
mechanical properties. 
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Test pit carried out with manual excavation equipment, by using pickaxes, shovels, crowbars, and others. Test pit 
dimensions is one (1) meter length and width, with one and half (1.5) meters depth. Test it conducted along with the 
observing rock lithology and the presence of water in each lithology. However, because the soil condition is 
extremely strong, test pit has been stopped before reach the depth target. 
4.4. Geological Engineering Mapping 
Engineering geological mapping was carried out at the area around the conveyor belt line. Expected results of 
this mapping were obtaining geological engineering data and indication of instability around the conveyor belt line. 
Some secondary data from the previous work mapping were also added to generate comprehensive map for further 
analysis. 
Some important things need to be mapped properly were rock quality, structure, rock bedding and lithology, old 
landslides, location of erosion, spring, tension crack, landslides indication, and also the movement of the conveyor 
belt structure. All the data must be collected accurately to support the interpretation of other methods. The results of 
this mapping can be a rock bedding and stratigraphic analysis, the analysis of potential landslides and slope stability 
analysis with modeling. All data must be collected accurately to support interpretation from other methods. 
5. Interpretation 
Interpretation has been done by considering the resistivity of rocks from the literature and also based on overlay 
data from another method. This interpretation will be overlaid with another method result in order to get accurate 
analysis. 
Based on geological maps and field observation, the rock lithologies in the research area were sandstone, shale, 
and mudstone. Mudstone outcrops which observed during the mapping process generally have low porosity and do 
not show clear bedding. Shale outcrops found with gray color, thin-layered and in some parts have some presence of 
fractures. Sandstones also found with gray color, clear bedding, weathered in some parts, and also with high 
porosity. Sandstone, shale, and mudstone have similar resistivity value. It is important to overlaid ERT 
interpretation with other methods interpretation to get more representative interpretation. The range of resistivity 
values from the literature cannot be the only reference in the delineation of the subsurface lithology. The range of 
resistivity values are very large and overlap each other will greatly complicate the interpretation of the subsurface. 
The presence of cracks, water level condition, rock hardness, may affect the resistivity value of rock from smallest 
to largest. Conceptual understanding of geological condition, and another data from other methods, will greatly 
assist in the interpretation of subsurface conditions. 
Based on the ERT Interpretation, there are some points which the contrast of was not clear enough due to the 
resistivity value of sandstone and shale overlap each other (Fig.3). Geological engineering mapping data would help 
the ERT interpretation in order to determine the subsurface condition of research area. 
 
 
Fig.3 ERT Modeling 
 
According to the Electrical Double Layer Concept, Wet zone defined as a zone that has a SP value more than 
zero (> 0) in the meantime, the dry zone is defined as a zone with negative SP values. Zone undulations with a large 
value (first very positive and then negative or vice versa) is a zone where have a sudden geological changes in the 
phase from wet to dry or vice versa (Fig.4). Some structural and contact of lithology could be clearly observed with 
the positive value of SP. This is due to the water fills in the cracks. 
In the deeper part of the research area lithology, there are some zone which have relatively high resistivity values 
than others. This zone interpreted as massive rock layers. In the other hand, it confirmed the high resistivity value 
near surface which indicated as loose material. 
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Fig.4The Interpretation of Self Potential Measurement  
 
There are two normal faults which formed a graben in the geological engineering mapping (Fig.5). This fault 
could be identified clearly in the cross-sectional ERT interpretation by a change of a massive layer which suddenly 
decline. The existence of this fault was also supported by undulation of SP value that indicate contact zone between 
wet and dry area. 
 
 
 
Fig.5 Geological Engineering Map 
 
Based on the CPT measurements, there are some points with the cone resistance value directly reached 200 
kg/cm2. Meanwhile, test pit excavations also ceased at shallow depths. This is an indication that the soil was very 
hard at the shallow depths. Based on the results of measurements, it could be concluded that the bearing capacity of 
the soil is generally quite good at some point (Fig.6). 
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Fig.6 CPT Measurement Result 
 
Based on field observations, there is also found some un-maintained water channels around belt conveyor. In 
addition, there are also some natural waterways which formed as a result of the erosion process. Around these 
natural waterways, there are some several small landslides, cracks, and subsidence occurred. Some parts of the 
conveyor belt also found separated from its initial conditions. This indicates that the erosion process has a 
significant effect on the resulting ground movement which indirectly giving effect on the conveyor foundation 
movement. 
 
 
 
Fig.7 Erosion around Conveyor Belt Foundation 
 
Based on modeling and interpretation results that have been done, the most triggering of the movement of the 
conveyor is erosion. Erosion significantly eroded the soil around the foundation and reduces the soil bearing 
capacity around the foundation (Fig.7). The movement of the foundation was caused by the movement of the entire 
conveyor belt and it will effect to the overall conveyor belt stability. 
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Fig.8 Subsurface Interpretation 
6. Conclussions 
The integrations method of ERT, SP, CPT, test pit and geological engineering mapping techniques can provide a 
good correlation, and mutually support each method interpretation. The integrations of these methods can be applied 
to produce a representative model with deeper analysis and for the imaging of the subsurface conditions (Fig.8). 
Based on the modeling and interpretation that has been done, the integration of ERT, SP, CPT, test pit and 
geological engineering mapping techniques, can be clearly identified the presence of geological structure, 
subsurface lithology and the existence of groundwater. Interpretation results show a clear contrast and in order to 
provide subsurface condition data to obtain precise analysis in many geological and civil cases. 
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